T HE observation has been reported from this laboratory' 2 that dogs with large arteriovenous fistula loads spontaneously acquired endocarditis and that some also developed acute diffuse proliferative glomerulonephritis, in the period of six weeks to five months following the construction of their arteriovenous shunts. On the basis of these initial observations, an experimental method has been developed' for the production of endocarditis and diffuse proliferative glomerulonephritis in dogs. This method utilizes the cardiovascular stress of bilateral arteriovenous fistulas in the lower extremities plus a bacteremia produced by intravenous injections of relatively small numbers of bacteria. By use of this method, the incidence of endocarditis has been increase(l to 100 per cent. Proliferative glomerulonephritis has been observed to occur in approximately one-third of these animals with large arteriovenous fistula loads and with endocarditis occurring either spontaneously or induced by bacterial injection. The pathogenesis of the endocarditis and of the glomerulonephritis in these animals is believed to depend upon From the fact that a cardiovascular stress such as large arteriovenous fistulas causes certain physiologic alterations to occur within these dogs which result in a significant and specific increase in the susceptibility of the endothelial surfaces of the heart and kidneys to bacteria or to the products of bacterial infection. Moreover, the relatively small numbers of bacteria necessary to produce these lesions in the presence of large arteriovenous fistulas serves further to emphasize this profound effect of a systemic stress in promoting endothelial susceptibility. Thus, it would appear that systemic stress also plays an important role both in the localization and in the development of endocarditis and glomerulonephritis.
It is the purpose of this report to describe the occurrence and pathology of these glomerular lesions inl greater detail. We believe that these observations are of significance, since they present a new method and a new approach for reproducing in the kidneys of a readily available experimental animal, such as the dog, a disease the pathogenesis of which in the human is still controversial and a disease the treatment of which is still largely nonspecific.
PLAN OF EXPERIMENTS
Below are listed six groups of dogs which have been used in these experiments. The incidence of glomerulonephritis in each of these groups has been determined by microscopic study of kidney sections made from each of the 81 animals. Although the incidence of glomerulonephritis is the primary subject of this report, Circulation, Volume IV, October, 1951 the occurrence of endocarditis in these same animals has been noted for completeness. A more detailed report upon the pathogenesis of endocarditis has been published previously. 4 The six groups of animals included in this study of the incidence of In the animals of group 1, all but a few of the earliest dogs studied had repeated blood culture studies done. The organisms in all of these animals with positive blood cultures were acquired fortuitously as has been previously described." 2 The organisms recovered from the blood of these animals were identified as to species.
In the animals of groups 2, 3, 4, and 5, a temporary bacteremia was produced by the intentional intravenous injection of one of the three bacterial strains described below:
"Strain I.F.," which has been identified as a Lancefield group D strain of beta hemolytic streptococcus. This organism, originally chosen at random from a hospital laboratory for use in these experiments, had. been isolated from a patient* with cholangitis and hepatic abscesses due to a malignant obstruction of the common bile duct. The colony count of a 24 hour broth culture of this organism ranged from 1,290,-000,000 to 2,450,000,000 organisms per ml. with a mean of 1,500,000,000 per ml. We have previously reported4 from this laboratory our experiences in the production of endocarditis using "Strain I.F."
The alpha hemolytic streptococcus (Streptococcus viridans) used in these experiments was isolated from the blood of a patientt with bacterial endocarditis and a congenital aorticpulmonary septal defect. The colony count of a 24 hour broth culture of this organism ranged from 13,033,033 to 178,033,033 organisms per ml. with a mean of 83,033,000 per ml.
The source of the coagulase negative staphylococcus used in these experiments cannot be traced. The mean colony count for this organism on a 21 hour broth culture was 1,500,000,-000 organisms per ml.
All of the bacterial injections in this series of dogs were made intravenously using sterile syringes and a preparation of the skin indicated below. An injection of 0.05 ml. or 0.005 ml. of a 24 hour broth culture was made by diluting 1.0 ml. of the 24 hour broth culture to 10 ml. or to 100 ml. with normal saline, and then injecting 0.5 ml. of the resulting dilution. Blood cultures were made at frequent intervals by withdrawing 10 ml. of blood from the jugular vein into a sterile syringe after preparation of the skin using the following routine: shaving off the hair, soap and water, and then tincture of Zephiran (1: 1000). One-half of this blood was placed in broth and the other half into 3 All of the 11 animals in this group were 2 to 5 years of age and had bilateral arteriovenous fistulas made side to side from 10 mm. to 32 mm. in length between the arteries and veins of both lower extremities in the positions indicated in table 3. The shunts were constructed in stages usually a week or more apart. A recovery period of at least two weeks was allowed in all animals following the last surgical procedure for complete healing of the operative wounds and for the compensatory changes of the arteriovenous fistulas to take place before beginning the daily intravenous injections of beta hemolytic streptococcus (group D, "Strain I.F."). The dose of bacteria used was from 0.005 to 0.5 ml. of a 24 hour broth culture* per day from 2 to 19 days. in localizing the pathologic involvement to the heart valves and kidney glomeruli. Also, it was expected that the animals with a very short interval between construction of their arteriovenous shunt and the intravenous injection of bacteria might acquire an infection at their fistula site, and the consequent resulting continuous bacteremia plus a definite but small increase in cardiovascular stress (from the * Mean colony count = 1,500,000,000 organisms per ml.
single femoral arteriovenous fistula) would provide a test of the relative importance of these factors in localizing bacterial involvement to the valve leaflets and kidneys. Each of the dogs in this group was given a daily intravenous dose of 0.5 ml. of beta hemolytic streptococci* (group D, "Strain I.F.") for seven consecutive days.
Group 5. A Group of Normal Control Animals
These control dogs were similar in all respects to groups 2 through 4 except for the absence of arteriovenous fistulas. These normal dogs received intravenous injection in the amounts indicated below of one or more of the same three strains of bacteria used for the experiments involving groups 2, 3, and 4.
(a) Beta hemolytic streptococcus (group D, "Strain I.F.") in intravenous doses varying from 0.5 to 50.0 ml. per day of a broth culture* for periods varying from 7 to 15 consecutive days.
(b) Coagulase negative staphylococcus in intravenous doses varying from 0.5 to 1.0 ml. of a 24 hour broth culture* per day for from 16 to 48 successive days.
(c) Alpha hemolytic streptococcus in intravenous doses of 0.5 ml. of a 24 hour broth culturet for 7 to 42 consecutive days.
Group 6. Dogs from the Animal Colony
Dogs from the same animal colony, which had been used in a wide variety of other experiments, were subjected to a careful autopsy, and their hearts and kidneys studied grossly and microscopically to determine the incidence of glomerulonephritis and/or endocarditis in our animal colony. PATHOLOGY Each of the animals reported upon in this paper had a complete autopsy performed at the time of death. Blocks were cut from both kidneys as well as from other organs and fixed immediately in 10 diffuse involvement of all or virtually all of the glomeruli visible in the stained sections by a definite increase in the number and size of endothelial cells lining the capillaries. Microscopically, under low magnification, the glomeruli appear densely cellular and few or no erythrocytes are to be seen.
Grade 3 plus consists of a severe involvement of all the glomeruli characterized by a proliferation of endothelial cells to such a degree that all the capillaries are partially or completely obstructed.
Grade 2 plus was applied to the glomerular lesions intermediate in severity between these two categories.
It is emphasized that in several dogs classified as negative, there was seen a definite endothelial cell proliferation in some glomeruli, but the majority of the glomeruli were not involved. It is considered quite likely that those animals with lesser degrees of involvement represent an early stage of the same pathologic process.
RESULTS
The over-all incidence of glomerulonephritis in relationship to these varying experimental conditions outlined above is summarized in table 1. It is significant that all of the 11 animals developing glomerulonephritis in our experiments were dogs with large arteriovenous fistula loads (groups 1, 2, and 3a). The There have been 13 additional dogs (not listed in table 2) which have had arteriovenous fistula loads of magnitude comparable to the animals of group 1, and whose fistulas had existed for 14 days or more. These animals represent dogs that died of heart failure without endocarditis or were sacrificed deliberately before the development of endocarditis in order to determine the effect of arteriovenous fistulas upon adrenal gland weight. None of these 13 animals without endocarditis had glomerulonephritis. -X~6 a * ..+ Oncz
In the 11 animals of group 2 with large arteriovenous fistulas and receiving intravenous as has been studied, between the number of bacteria injected or the duration of the endo- 
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T graph of the heart valve lesions associated with the glomerulonephritis in dog 100-x has been published.4 Likewise, both of the two animals (dogs 1194, 60) with bilateral iliac arteriovehad profound septicemias. However, a similar septicemia, as has been previously reported,4 occurred as well in those animals of this group that developed endocarditis without glomeru- incidence of glomerulonephritis and endocarditis in these animals with only a small increase in cardiovascular stress are in direct contrast to the 36 per cent incidence of glomerulonephritis and the 100 per cent incidence of endclocarditis (group 2) that was observed in the dogs with large increases in cardiovascular stress (bilateral arteriovenous fistulas) ' (table 7) that the blood cultures in these animals nearly always revealed a low-grade bacteremia for the first few days immediately after the cessation of a course of bacterial injections. However, after this short interval, their blood streams became sterile again in all cases. It should be noted that the total numbers of beta hemolytic streptococci (group D, "Strain I.F.") organisms injected into these normal control animals were as much as 10,000 times greater than the minimum number of organisms necessary to produce glomerulonephritis in the dogs with bilateral arteriovenous shunts. Likewise, in the case of the alpha hemolytic streptococcus the numbers of bacteria that were injected into the normal dogs were as much as 620 times the minimum number of bacteria necessary to cause glomerulonephritis in the dogs with bilateral arteriovenous fistulas. These comparisons in numbers of organisms provide striking evidence of the importance of the physiologic alterations associated with large arteriovenous fistulas in promoting endothelial susceptibility to infection.
As indicated in table 1, the gross and microscopic study of the kidneys and hearts from 36 consecutive dogs (group 6) from our animal colony which had been used in a wide variety of other experiments did not disclose any instance of glomerulonephritis or endocarditis. A number of these dogs were subjected to surgical operations and some of them also had complicating wound infections with no apparent tendency for localization of the infection to the kidney glomeruli or heart valves. Our findings of the rarity of glomerulonephritis in normal dogs and the relative frequency of the easily distinguishable interstitial nephritis were similar to those of others. lesion ill rats. The other details of experimental technic in the study reported have been desciibed fully because of the possibility that precisely similar conditions may be necessary to the reproduction of the results. Since the importance of many of the variables has not been tested by controlled experiments, it is impossible to state which of the conditions employed, other than those which have been analyzed, are or are not necessary to the result obtained.
In persons dead of bacterial endocarditis, nearly one-half show a moderate increase of glomerular endothelium with partial capillary obstruction (grade 1) and in a small percentage there is a severe capillary obstruction by endothelium (grade 3) which is clinical acute glomerulonephritis. Therefore, the acute glomerulonephritis in dogs must in some way be related to the bacteremia which was associated in most but not all of the animals with endocarditis. The intimate mechanism by which b)acteremia produces glomerulonephritis is not understood; but, nevertheless, by combining the effects of a cardiovascular stress with bacteremia, a method has been found by which glomerulonephritis may be produced experimentally. This experimental glomerulonephritis corresponds entirely in its histologic features with the human lesion. CONCLUSIONS 1. Acute diffuse proliferative glomerulonephritis has been found in about one-third of dogs with large arteriovenous anastomoses in which endocarditis occurred either with intentional or adventitious introduction of pathogenic organisms.
2. The majority of the dogs showed the lesions in "early" phases of the disease-two were moderately severe and two very severeindistinguishable from those seen in patients dying from acute diffuse proliferative glomerulonephritis.
3. In a series of 36 control dogs without arteriovenous fistulas and without bacterial injection, no case of glomerulonephritis was found upon microscopic examination.
4. Ten unoperated normal dogs were given injections of 620 to 10,000 times the numbers of bacteria of the same species and strains as were followed by kidney lesions in dogs with bilateral large arteriovenous fistulas. There was in no case either endocarditis or glomerulonephritis in these normal dogs.
5. In dogs with single small femoral anastomoses receiving intravenous injections of bacteria in comparable numbers neither endocarditis nor glomerulonephritis occurred. 6 . Glomerulonephritis was observed in association with infection by alpha and beta hemolytic streptococcus and coagulase positive staphphylococcus. The lesion is therefore not limited in the dog to a single strain. No case was observed in association with Aerobacter aerogenes or coagulase negative staphylococcus endocarditis in six dogs.
7. Because of the absence of lesions in the unoperated normal dogs and dogs with small fistulas given the same bacteria in th. same or much larger numbers than given to the animals with large fistulas subsequently showing glomerulonephritis, it is concluded that the cardiovascular stress plays a major role in determining the susceptibility of dogs to glomerulonephritis.
